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FOREWORD

This research was performed under Exploratory Development Task Area
PF55.522.002 (Methodology for Developing/Evaluating Navy Training Programs)
Work Unit Number PF55.522.002.01.60 (Advanced Computer Based Research).
This Work Unit is Jointly funded by The Advanced Research Projects Agency
(Account Symbol 9T40400.1311). The motivating requirements for this
project are for "... improvements in training methodologies, measurement
techniques, management and administration, including decision criteria
required for their rapid implementatien" contained in General Operational
Requirement 43, Rev. 10/T1.

Dr. William E. Montague was the technical contract monitor for the
Navy Personnel Research and Development Center on this research effort.
The basic rationale for the research was developed in a proposal submitted
by Dr. R. C. Anderson during the Fall of 1972.

F. L. Nelson
Commanding Officer






SUMMARY

Problenm

This report summarizes the developmental phase of a project designed

to implement a course of study on a computer-assisted instruction (CAI)
system maximizing instructional effectiveness while minimizing both time
required to prepare materials and student contact time on the CAI system.
Since contact time was to be minimized, the immediate problem confronted
was to maintain control over the students' learning. Students often fail
to learn from text materials because they don't study carefully enough.
Therefore, this project attempted to design, tryout, and evaluate a
practical CAI system which would maintain attentive study of instruc-
tional materials when the student was off-line. Existing materials

were employed to minimize effort in materials preparation. Prior
research had indicated that: (1) a series of processing stages are
required for learning from text, (2) these processing stages deteriorate
under self-study conditions, (3) procedures -which maintain full proces-
sing dramatically facilitate learning, and (4) the technique of frequent,
intermittent questioning can be used to maintain controllof the learning
when the student is studying off-line.

Approach

The CAI study management system (CAISMS) was designed to question the
student intermittently about what he is reading in order to maintain
deep processing. The system was implemented on the PLATO CAI system at
the University of Illinois. Terminals were installed in the library to
be near an environment in which students could study. The instructional
sequence involved the student signing in on the terminal, receiving an
assignment, studying the material in the nearby workspace, signing in
again and receiving a quiz covering the reading. If successful, the
next assignment was given and the sequence was repeated. Procedures
were developed to generate questions from the text materials, and a
computer program was written to select and display questions about the
assignment, evaluate and record responses, and keep track of student
progress. Performance was evaluated by scores on the quizzes and by
off-line examinations. Daily records were kept on student interaction
with the terminals in order to monitor studying behavior. Student
attitudes toward the course were assessed by means of a questionnaire.
A comparative study of the effect of CAISMS was not undertaken during
this developmentel phase. An experimental comparison is currently
(Spring 1974) underway. '

Findings and Conclusions

CAISMS proved to be simple to install, relatively inexpensive to operate,
convenient to use, and is compatible with a variety of educational and
training environments. Achievement, procedural and attitudinal data

vii




indicate that the study management technique is feasible to administer
and potentially effective in producing achievement gains over traditional
ongoing instruction. Most students had favorable to very favorable
opinions of the system. However, they were not favorably disposed to

the idea of having to study near a terminal in the library.
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I. THE RATIONALE FOR CAISMS

Richard C. Anderson

The purpose of the research and development project described in this
report has been to design, tryout, and evaluate a practical computer assis-
ted instruction (CAI) system for maintaining attentive study of instruc-
tional materials. Unlike most CAI projects, this one employs existing
materials and the student or trainee spends only a fraction of his time
on-line.

The idea is very simple: frequently students fail to learn from books
because they don't study them carefully enough. The study management sys-
tem is designed to intermittently question the student about what he is
reading so as to maintain deep processing. The student signs in at the
computer terminal and receives a brief assignment. Upon completing the
assignment in a nearby work space, the student again signs in. This time
he receives a short quiz over the assignment just finished. Then the cycle
starts again with the next assignment.

The CAI study management system (CAISMS) has proved to be simple to
install, relatively inexpensive to operate, convenient to use, and we
believe it will prove compatible with a variety of instructional modes in
a variety of educational and training environments. Relative to unmoni-
tored study, increments in achievement have been observed. Relative to
fully on~line CAI, large savings in development costs and somewhat smaller
savings in operating costs seem probable.

The rationale for the claim that a CAI study management system will

be effective contains four parts. (1) A series of processing stages is




required for learning from printed verbal-symbolic matter. (2) These pro-
cessing stages are likely to deteriorate under the conditions which prevail
during self-study. (3) Procedures which maintain full processing dramat-
ically facilitate learning. (4) The technique of intermittent questioning
is a high probability candidate for practical management of processing

activities. Each of these contentions will be considered in turn.

Processing Stages

There appear to be at least three processes, or encoding stages, neces-
sary for a person to learn from printed verbal material. First is a per-
ceptual encoding stage. Since the relevant perceptual features of text aré
orthographic, this process can be said to give rise to an orthographic
code. It is usually assumed that this code has a very short memorial life,
The next processing stage involves acoustical or phonological features; the
printed symbols are translated into implicit (or explicit) speech. The
phonological code has been identified as the chief form of representation
in short term, or primary, memory. A third stage, and a vital one I shall
argue, entalls semantic encoding-—in common language, bringing to mind a
meaningful representation for the words. The presumption is that the
semantic code is the principal form of long term storage. For more exten-
sive discussions of stage processing views of learning see Neisser (1967),
Anderson (1970), Montague (1972), and Craik and Lockhart (1972). |

The important practical implication of the encoding stage theory is
that a person usually will get the information in a communication into long+
term storage if he semantically encodes it, and usually will not get the

information into long-term storage if the communication has received a




shallower level of processing. Two studies will be cited in support of
this important proposition: '
Bobrow (1970) presented pairs of nouns twice, each time embedded in

a sentence (e.g., The animal's bark scared the big league pitcher). On

the test the first noun from each sentence (e.g., bark) was presented as
a retrieval cue; the subject had to give the second noun (e.g., pitcher
as a response. Changes in the second sentence did not affect recall as
long as the referents of the nouns remained the same (e.g., The dog's bark

frightened the baseball pitcher). However, when the sense of the nouns
changed (e.g., The medicinal bark filled the porcelain pitcher), recall

was substantially lower. If the people were storing phonological codes,
context-induced changes in the meanings of the nouns would not have
affected performance. Hence, the results imply that meanings rather

than sounds were stored. Anderson (1971) completed two experiments in
which college undergraduates attempted to recall the subject noun of each
of a series of once exposed sentences. As retrieval cues they were given
the verbatim predicate or its paraphrase. The paraphrased predicates
contained no substantive words in common with the originals. For instance,

one of the sentences was The traveler appreciated the gift. The related

test items were The appreciated the gift and The was

grateful for the present. The conditional probability of a correct res-

ponse to a paraphrase item, given a correct response to the verbatim item
based on the same sentence, was nearly .90. This is strong evidence that
learning from a sentence usually entails semantic encoding, because a

paraphrase and its base are related in terms of meaning but unrelated




with respect to the shape or the sound of the words. A person could not
answer a paraphrase question unless he ‘had comprehended the sentence,

While it appears that long term storage usually entails semantic
encoding, there is experimental evidence that verbal material can be stored
for the long term in an acoustical or phonological code (e.g., Bruce &
Browley, 1970). Common experience leads to the same conclusion. We all
have learned a poem or a song in a foreign language, which we can rattle
off in perfect form, though we don't have the slightest idea of the meaning
of the words we are saying. It would appear, then, that at least some of
the time under some conditions people put the surface form of communica-
tions into long term storage.

The study of semantics is in its infancy. Hence, it is impossible to
be very precise about what a person has in his head when he can be said
to have the meaning. This fact is not a serious obstacle to the present
project, even though the notion of semantic code, and rough equivalents
from ordinary language such as comprehension and understanding, is a
concept upon which we shall rely heavily. As the author (Anderson, 1972,
p. 148) has said recently,

It is not necessary to know the precise form and the

mental organization of meanings in order to recognize the

occurrence and nonoccurrence of comprehension. The trick

will be to devise techniques for constructing questions that

can be answered if a person has semantically encoded a com-

munication but not answered if it has been encoded only

perceptually or phonologically.

In summary, a series of processing activities seems to be required

in order for a person to learn from printed instructional materials. Ernst

Rothkopf (1966, 1968, 1970) has coined the neat term mathemagenic to refer




to these activities. According to Rothkopf (1970) the term is derived
from the Greek roots mathemain--that which is learned--and gignesthai--
to be born. Mathemagenic behaviors are the behaviors which give birth

to learning,

Deterioration of Processing

Our general thesis is that the activities the student or trainee
engages in when confronted with instructional tasks are of crucial impor-
tance in determining what he will learn. We reject the long-dominant
alternative view that the student is a passive receptacle whose learning
and performance are directly determined by input variables.

Unfortunately, it seems probable that students, even successful ones
(Danskin & Burnett, 1952), are quite inefficient at studying. It appears
that essential processing activities attenuate sharply when the material
is difficult or lengthy or the student is tired, bored, distracted, or
under pressure to work quickly. These conclusions are based primarily on
questionnaire investigations of study habits. A review of much of this
research along with a sizeable bibliography can be found in Effective
Study, the book by Francis Robinson, the well-known how-to-study authority.

Research involving systematic observation or experimental investiga-
tion of processing activities that has utilized real instructional mate-
rials under life like conditions has been rare. The research that has
been done confirms that mathemagenic activities are prone to disruptionm.

Hoffman (1946) completed a suggestive study in which college under-
graduates read a history textbook for four consecutive hours. Eye move-

ments were monitored by recording changes in electrical potential through




electrodes attached near the reader's eyes. The "electroculograms"
showed that the pattern of eye movements associated with reading steadily
deteriorated over the four-hour period. For instance, half-hour by half-
hour there was a regular increase in the frequency of eye blinks and the
variability of eye movements, and a regular decrease in the number of
lines read per minute. Hoffman's graphs resemble extinction curves.

Anderson (1970) has reviewed evidence which shows that the consis=-
tent failures to find benefits from prompting techniques, the requirement
to make active overt responges, and immediate feedback in programed
lessons can all plausibly be attributed to "short circuiting'' of atten=-
tion and processing.

We find appealing the somewhat speculative notion that processing
deteriorates from "inside to out" (see Rothkopf, 1968). By this we mean
that probably the first process to drop out is thinking that goes beyond
the text. Then semantic encoding may stop. For the reader this is the
deceptive twilight zone between reading and not reading. His eyes are
tracking lines of print. He is translating the written words into speech.
But there is little cognitive involvement.

Everyone has had the experience of 'reading' several pages, only
suddenly to realize that he has no more than a vague impression of what
has passed before his eyes., About persons who have reached the stage
when semantic encoding has decayed while lesser processes continue,
Robinson (1961, pp. 13-14) has written:

One almost gets an impression of dutiful line following so

that the next day they can truthfully say 'I don't remember,

but, honest, I read every word.' ... As they read along they
can continually murmur 'mmhm,' 'uhfmm' as they see each




idea, much as a mirror passing over the book might clearly

reflect what was printed. On finishing, they push the book

aside with a sigh. To an impolite inquiry as to what ideas

were discussed, the typical reader has a nebulous feeling

that there was much he had understood but it now is jumbled.

Next, the phonological and orthographic encoding processes may dete-
riorate. The reader may begin to "skim." The frequency of blinks and
regressive eye movements increase. The reader's mind begins to wander.
He becomes increasingly vulnerable to distractions. He may begin to skip
* huge chunks of text. He may go to sleep. He may find he 'needs" a
cigarette or a cup of coffee. He may "discover" that an entirely dif-
ferent task "requires" his attention.

Parenthetically, we are not proposing a remedy for really gross
failures of exposure to instructional stimuli. Other techniques, such
as contingency management procedures, have shown great promise for keeping
the student or trainee "on task" (see, for instance, Becker, Madsen,
Armmold, & Thomas, 1967). The CAI study management system is aimed at
the person who is at least superficially on task, and who is giving at
least minimal compliance to the demands of the instructor or imstructional
agent. One potentially valuable side benefit of the study management
system will be the day by day identification of persons who fail to show
up for instruction, or do so erratically. Up to date cumulative records
of the rate and extent of each individual's study behavior will be a by
product of the system, as will be detailed later.

In summary, it is conjectured that the activities required to give

birth to learning deteriorate in the following order:

1. PFailures of higher-level processing that goes beyond the text.




2. Failures of meaningful processing.

3. Faillures of speech processing and perceptual tracking.

4. Gross failures of exposure to instructional stimuli.
It is assumed, and the available evidence seems to indicate, that the
extinction-like decay of mathemagenic activities is inevitable even for
the finest student during his better moments, but that the deterioration
becomes increasingly swift and certain when the material is difficult or
lengthy, or the student is fatigued, unmotivated, of low ability, or under

time pressure.

Effects of Procedures that Induce Meaningful Processing

If semantic encoding is essential for learning but such encoding is
quite likely to "drop out" when a person studies, it follows that proce-

dures which induce meaningful processing will sharply facilitate learning.

Recent research confirms this expectation.

Bobrow and Bower (1969) instructed subjects in one group to compose
a sensible continuing sentence for each sentence they say. This group
recalled over twice as many words as a control group required to read
each sentence aloud three times. To compose a sensible continuing sen-
tence required comprehension, that is, semantic encoding, of the presented
sentence whereas reading it aloud again and again did not.

Anderson, Goldberg, and Hidde (1971) constructed sentences in which
the last word of each was determined by the rest of the sentence. Sub-
jects who supplied the missing last word in each sentence as they read
aloud learned more than subjects who read aloud whole sentences. One of

the incomplete statements was, Circles have neither a beginning nor an




To complete the sentence with the word "end" required a person to bring
to mind a meaningful representation for the rest of the seantence. '"End"
is semantically rather than phonologically related to the rest of the
sentence; hence, simply rendering the printed words into speech would
not allow a person to fill the blank correctly.

Anderson and Kulhavy (1972b) prepared one-sentence definitions of a
set of rare words in the back of Thorndike and Lorge (1944) which several
judges said they did not know. Also prepared were two multiple-choice
test items for each word. In each item the rare word was listed; the
person had to select an example of the concept named by the word from
among four alternatives. The description of the examples did not contain
substantive words in common with definitions. Following one paced exposure
of the definitions, college undergraduates instructed to use each defined
word in a semsible sentence as the definitions appeared answered one-and-
a-half times as many questions correctly as those who read each defini-
tion aloud three times. Again the explanation is that a person can "read,"
that is, translate printed symbols into speech sounds, without bringing
to mind the meaning of the words he 1is speaking. But to compose a sensible
sentence requires comprehension.

Preliminary instructions can affect the character of subsequent pro-
cessing and thereby influence learning. Instructions to "read carefully"
usually have a slight facilitative effect on learning from prose (Rothkopf,
1966; Brunning, 1968). Somewhat stronger effects accrue from telling
people to read brief passages for gist or substance, even when recall is

scored verbatim (Cofer, 1941; King & Russell, 1966). Strongest of all are




the effects that can be obtained with imagery instructions. Subjects
instructed to form a vivid mental image of the situation described in
each of a series of unrelated sentences recall about three times as much
as subjects who read each sentence aloud several times (Anderson & Hidde,
1971; Anderson, 1971). Obviously the person who takes seriously the
ingtruction to form an image will be engaging in semantic encoding.

In summary, the research demonstrates that diverse procedures, which
appear to have in commor only that they induce meaningful processing,
strongly facilitate learning. None of the techniques reviewed thus far
is a good candidate for maintaining deep processing of a large volume of
actual text material, however. An exhortation to learn main ideas, for
instance, or to form images is likely to lose its effect after a while.
In fact, Anderson and Kulhavy (1972a) were unable to show any improvement

from imagery instructions in learning a 2,000 word prose passage.

Adjunct Questions

That asking students questions now and then will improve learning is
an embarrassingly unoriginal ideal! However, our claim is not that the
technique is original but rather that it is effective, Those who take
the trouble to search the literature will find the positive effects of
"test-like events'" on learning and retention probably the best documented
proposition in the field. Studies reviewed by Gates (1917) show the
effects were already known just after the turn of the century. CGCates'
own research showed substantial benefits from "active recitation' on the
learning and remembering of both serial lists of nonsense syllables and

brief prose passages. Jones (1923) had subjects read three brief prose
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selections and immediately thereafter complete one of two tests covering
the selections. A day later all subjects took both tests. Scores on the
repeated test were twice as high as scores on the test taken for the first
time. Numerous investigators since then have corroborated the facilita-
tive effects of questions during or shortly after instruction. Of course,
the recent wave of interest in questioning has been stimulated by the
research of Rothkopf.

Both direct and indirect effects of questioning have been demonstra-
ted. By "direct effect" we mean the increment in performance which is
observed when a question asked during or shortly after instruction is
repeated on a later test. The direct effect is usually large. Increments
in the range of one-and-a-half to two times the mean of a reading-only
control group are not uncommon. Rothkopf (1966) can be credited with
proving that inserted questions also have indirect effects. On new post-
test questions, shown experimentally to be unrelated to the inserted
questions, groups that receive the inserted questions score significantly
higher than reading-only control groups. Since 1966 at least a half
dozen experiments by several different investigators have confirmed that
adjunct questions have small but consistent indirect effects.

There is converging evidence that much of the indirect effect of
adjunct questions is due to maintenance and shaping of processing activi-
ties. For instance, Rothkopf and Bisbicos (1967) presented two questions
after each three-page section of a thirty-six page passage on marine
biology. Some subjects saw ouly questions requiring either a measured

quantity (e.g., a distance or a date) or a proper name for an answer.
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Some saw only questions which could be answered with a common English word
or a technical term (e.g., bathyscaphe, phototropic). On the criterion
test,.subjects did relatively better than appropriate controls on new
questions from the same category as they had received during learning and
relatively worse on questions from other categories. The straightforward
interpretation is that the questions selectively focused attention on cer-
tain classes of information.

Recently licGav and Grotelueschen (1972) have discovered that adjumct
questions have a "backward" review influence as well as the "forward"
shaping influence discussed above. They found that answering a question
facilitated recall of the material in the vicinity of the sentence upon
which the adjunct question was based. The design and procedures ruled out
the possibility that this result was due to the direct or transfer effects
of the question, leaving as the only sensible explanation that subjects
covertly reviewed the surrounding material while retrieving and verifying
the answer to the adjunct question itself. Rothkopf and Billington
(unpublished) have confirmed these results and interpreted them in the
same fashion,

Briefly considered next are variables and procedures which influence
the magnitude of the influence of adjunct questionms.

Position of questiongs. The direct effect of questions does not

appear to depend critically upon the position of the questions relative
to the text. However, the indirect effects are obtained only when the
questions appear after the segment of text upon which they are based.

The data and reasoning upon which these conclusions are based have been

12




detailed by Frase (1970). It appears that the indirect review effect is
obtained only on material appearing shortly before the adjunct questions
(McGaw & Grotelueschen, 1972),

Amount of material before questions. The research done to date

suggests that the best policy is a feﬁ questions after short assignments
(Webb & Schwartz, 1959; Frase, 1968). However, questions can have strong
effects even when they follow fairly lengthy assignments. Anderson and
Myrow (1971), using 2,200-word passages describing fictitious primitive
tribes, found that groups given an immediate test averaged 71% when the
test was repeated a week later whereas groups that had not received the
immediate test averaged only 50%. Roderick and Anderson (1968) got com-
parable results in a study involving a 3,400-word self-instructional pro-
gram on classical conditioning and a 1,800-word textbook-~like summary of
the same material.

Interval between study and question-answering. How long an interval

should there be after a student has studied instructional materials before
he is tested? The answer seems to be that the sooner the questions are
asked the better., Spitzer (1939) had nine groups of sixth graders, total-
ling 3,600 students, read a 577-word passage describing an agriculture
experimental station. At various times thereafter the groups received a
25-item multiple choice test. Feedback was never given. Groups that took
the test for the first time immediately after reading the passage showed
virtually no forgetting for as long as seven weeks. Groups tested for

the first time 24 hours after reading had already forgotten 50% of the

information learned from the text, though the test taken at this point
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did sustain performance on later tests. In general, the effect of the
test was to "preserve' what the student could remember at that point but
it was not effective in helping him "recover" what he had already for-
gotten,

Difficulty of questions. We know of two studies which have examined

the effects of test difficulty on subsequent student performance. Sax and
Reade (1964) gave half the students in an educational measurement course
two unit exams with a difficulty index of about .40. The remainder got
unit exams with a difficulty index of .70, Those who had received the
more difficult exams did significantly better on a final examination of
intermediate difficulty. Marso (1969) in a rather similar study got oppo-
site results; those who received easy unit exams scored higher on the
final. Marso completed a second study in which he found that people given
easy unilt exams reported subsequently spending more hours studying than
people who received difficult unit exams. For some reason, Marso did not
report the results on the final examination in the second experiment.

We find most creditable the lines of reasoning which point to the con-
clusion that relatively easy questions facilitate subsequent performance,
but obviously this 1s an issue which will have to be investigated further.

Type of question, We come now to a crucial issue, the type of

question, There is no way to tell for sure what types of questions have

been used in the bulk of the investigations completed to date. The reason
is simply that the research reports have not described the questions very
thoroughly. lMost investigators provide only such rudimentary information

as the number of questions and the response mode (e.g., multiple choice,
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short answer). In the cases in which the adjunct questions and criterion
tests have been explicitly described, the questions usually have con-
sisted of statements lifted in essentially verbatim form from the text.

A word or phrase--usually a proper name, technical term, or measured
quantity--has been deleted from each statement, to be supplied by the
subject. Studies employing this kind of question have yielded positive
results, but consider these two facts: (1) Few instructional goals are
well-served by the capacity for verbatim recall. Important objectives
most often entail using skills, identifying new instances of concepts,
applying principles, and so on. (2) If the encoding stage theory out-
lined earlier is correct, questions which require deep semantic processing
will facilitate learning to a greater extent than the verbatim recall
questions that have apparently predominated in previous research.

Watts and Anderson (1971) had 300 high school seniors answer a
question after reading each of five 450-word passages explaining a psych-
ological principle. The question involved identifying an example of the
principle or the name of the psychologist associated with the principle.
Subjects who received questions that required them to apply the principles
to new examples performed significantly better on the posttest than all
other subjects, including subjects who received otherwise identical
questions that repeated in verbatim form examples described in the text.
The groups who answered application-to-new-example questions while
reading were at no disadvantage on posttest repeated-example and name
questions, while at the same time demonstrating a striking superiority

on both repeated and alternate application questions. It is pretty clear
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that a person could answer a repeated-example question by matching the
surface phonological or orthographic form of the correct answer with a
surface code for the relevant piece of text. A person had to understand
a principle in order to apply it to a new example. The implication is
that to reach any but trivial instructional objectives one must ask ques-

tions which assuredly require comprehemsion to answer.

An Augmented Theory of Questioning

As will be explained in detail later in this report, our initial
assumption was that the best questions to ask studgnts were ones that
would require comprehension, namely, paraphrase and application questions.
Research completed during the course of the project has raised doubts
about this assumption. Anderson, Surber, Biddle, Zych, and Lieberman
(1973) found to their great surprise that people who received a verbatim
quiz did slightly better on a delayed test than people who received a
paraphrase quiz, This fact caused us to revise our theory. It is now
argued that the process by which a quiz question enhances delayed reten-
tion involves two stages. First, the question must permit retrieval of
information from short term memory. Second, the question must instigate
meaningful processing of the information so as to transfer it into long-
term, semanfic memory.

This theory can be expressed in the following equation,

P(D) = k + (1-k) rt,
which says that the probability of a correct response on the delayed test,
P(D), equals the proportion of items of information the person already

knows, k, either information he knows beforehand or learns from reading
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the passage, plus an increment due to taking the quiz. The increment
consists of that information not already known which the questions cause
the person to retrieve, r, from short term, phonological memory and
transfer, t, into long term, semantic memory.

As expected on the basis of the augmented theory two experiments
involving 662 high school students suggested that verbatim items were
very much better at evoking retrieval of information whereas paraphrase
items were better at instigating transfer. What we had overlooked orig-
inally was that information in short term memory is phonologically coded,
making it accessible to a verbatim question but relgtively inaccessible
to a paraphrased one. The second experiment confirmed a nonobvious pre-
diction from the theory: a verbatim quiz followed by a paraphrase quiz
optimumly facilitates delayed retention. We call this the "piggyback"
treatment.

Currently we are testing the practical value of the piggyback treat-
ment. On the basis of data gathered during the first semester of operation
a number of difficult economics questions were identified. After screening
out items that contained ambiguities or other difficulties affecting
validity, a verbatim question was written to parallel each remaining
difficult item., The items have been divided into two blocks. Half of
the students currently enrolled in the CAISMS sections of Economics 108
receive a piggyback verbatim item just prior to each target item in the
first block but no such treatment before the items in the other block.,

The assignment is reused for the remaining students.
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Susmary

In summary, 75 years of resecarch have consistently shown that re-
quiring students £o answer questions facilitates learning. Questions appear
to (1) maingain and shape processing of subsequent material and to (2)
encourage additiqnal and sometimes deeper processing of previously en-
countered material, provided this material still has at least a fr#ggentary
representation in memory. While a few {ssues remain in doubt, the con-
ditions required in order for questioning to improve learning appear to
be sufficiently well undgrstood to make practical apppication a good bet

at this time.
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1I. THE PREPARATION OF TEST ITEMS TO MAINTAIN ATTENTIVE STUDY BEHAVIOR

Edward J. Wietecha and Richard C. Anderson

This section of the report discusses the procedures used in con-
structing sets of test items for assessing student comprehension of prose
text material. Theoretical discussion and empirical data on question
asking can be found in Bormuth (1970), Anderson (1972) and Section I of

this report.

The Development of Summary Statements

An underlying assumption of the procedure discussed in this section
of the report is that the prose text material contains the information
necessary for the student to master a concept or to gain a basic under-
standing of a toplc. Furthermore, it is assumed that the text conveys
that information to the student in a manner which the student is able to
read and understand. Once these assumptions have either been met, or
accepted as being met, the important ideas and/or concepts are abstracted
from the text through the development of summary statements.

A unit of analysis is decided upon by the item writing team. In some
situations the unit of analysis might be a paragraph of text material,

a page of material or it might be subsections of a chapter of the text.
For each unit of analysis, at least one statement is written, in the

verbatim language of the text, which summarizes a main idea. A subject

matter expert is necessary for this phase of development. Certain sec-
tions of the text such as introductory paragraphs or sections of summary

material at the end of a chapter will usually not have a summary statement
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written for them. In some cases, the subject matter expert will decide
that a section or paragraph does not contain an important idea and will
not construct the summary statement. Conversely some sections of the text
may be relatively "meaty" and several summary statements will have to be
constructed.

As stated above, the summary statements should be taken from the
text in verbatim form. This may mean 1ifting an entire sentence from the
text, or it may mean piecing together key phrases from several sentences.
The substantive words (nouns, verbs, modifiers) should literally be taken
from the text, but the syntax and tense may be modified if necessary.

To avoid ambiguity in the summary statement, pronouns should be replaced
with the appropriate noun or phrase.

Under each summary statement the examples used to illustrate the

concept or idea should be noted. Only the examples in the specific unit

of analysis need be listed.

Preparation of Test Items

A test item should be constructed, or selected from an existing pool
of items, for each summary statement. The summary statement and identifi-
cation code should be written at the top of a sheet of paper and the
corresponding item written onto the page. Each summary statement and
corresponding test item should be written on a separate page.

In order to discount rote learning of the surface form of the text,
the language of the test items and the text should be as different as
possible. That is, synonymous words (or phrases) should be substituted

for the language of the original. This rule applies to all test items,
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including ones that involve applying principles to new examples. The
language of such items should not overlap excessively with either the
general statement of the principle or with the instructional examples.
Ideally, the test item and the text will have no substantive words (nouns,
verbs, modifiers) in common.

One exception to the paraphrase rule is the sort of item in which
the student is expected to select the definition of a concept or principle
given the name of the concept or principle. Obviously it would be in-
appropriate to modify the term being defined.

The 'new case' rule. If the statement expresses a concept, explains

a principle, or describes a procedure, the preferred strategy is to pre-
pare a test item which requires the student to apply this knowledge to a
new case,

A "new case" is one different from any used as an illustration.
Cases vary in similarity to instructional examples. The appropriate test
case 1s the most remote one the student could reasonably be expected to
handle on the basis of the text.

When constructing an item that calls for application of knowledge
proves difficult or inappropriate, a question can be prepared directly
from the summary statement. First, determine if the summary statement
can be restated in if-then form. 1f so, consider one of the following
types of questions.

1. Given the antecedent, the student selects or supplies the
consequent.

2. Given the consequent, the student selects or supplies the
antecedent,
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If all else fails, delete one or more elements from the summary statement,

Turn the remainder into a question. Remember to paraphrase if possible.

The question should contain no substantive words in common with the sum-
mary statement.

The correct answer to each question must be indicated. The answers
to short answer items must be complete and, where applicable, altermative
acceptable answers indicated., The wrong answers (distractors) should be

provided for multiple choice items.

Selecting Item Format

Multiple choice and short answer items (items requiring a response of
no more than a sentence or two) are desirable. No item format is def-
initely ruled out but true~false items and multiple response items con-
taining only two response alternatives have serious limitations when used
to measure comprehension. With either of these two item formats, the
student has a fifty percent chance of guessing the correct answer even if
he does not comprehend the material. Thus it takes a longer test to get
a reliable indication of a student's comprehension of material. The
true-false items have particularly severe limitations in that they call
for an unqualified judgement of true or false. Since most important
concepts in a discipline are neither unequivocally true nor false, a test
item writer typically resorts to testing a student's knowledge of discrete
factual information (Gronlund, 1968; Thorndike & Hagen, -1969).

Require discriminations as fime-~but no finer than--the student could
reasonably be expected to learn from the text. Don't split hairs. Where-
ever possible and appropriate, prepare items that involve pictures, graphs

and schematic representations instead of just words and numbers.
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Editing Questions

After the test items have been constructed, both the initial summary

proposition and test items must be reviewed to help insure validity. The

following questions may be used as a checklist in the review process.

1.

2,

3.

L

5.

6,

7.

Does the summary statement accurately reflect the main idea
in the subsection?

Does the question faithfully reflect the summary statement?

1f the question does not involve application to a new example,
would it be possible to create a new question that does?

Does the questibri repeat substantive words from the summary
statement? If so, could these reasonably be replaced with
synonymous words or phrases?

Is the question simply and clearly written?

[ ]
Does the question have any features that might cause a student
to fail even though he has comprehended the material?

Does the item contain clues which might allow a student to
answer correctly even though he has not comprehended or perhaps
not even have read the material?

In summary, if text materials contain pertinent information and 1if

students can read and understand that material, test items can be con-

structed which will facilitate the student's processing of informationm.

Summary statements are constructed: from-the- text:-material--as-ansdnitial-

step.

Then, items assessing the student's comprehension of the text are

congtructed from the summary statement. Finally, the items and the

summary statement are reviewed and edited by both subject matter experts

and item writers to improve validity and reliability.

Initial Development Effort

This section of the report discusses the application of the procedures

outlined in the General Discussion section to a large enrollment economics
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course. The item writing effort included both economists and educational
psychologists in all the aspects of course development and, more spe-
cifically, question construction. Both an initial procedure and a modi-
fied procedure are discussed.

Unit of interest. Initial examination of the basic text used in the

course, Economics (Ninth Edition) by Samuelson, indicated that constructing
questions for each paragraph would be both unfeasible for the item writing
team and counterproductive for students using the material. Subsequently,
the decision was made to focus upon the chapter subsection as the unit of
analysis. At least one summary statement was to be written for each of

the subsections of the text, excluding introductory and summary subsections.
A content speclalist from the Economics Department at the University of
Illinois analyzed each of the subsections and constructed the summary
statements using the verbatim language of the text.

Included below is a summary statement constructed for material found
on page 379 of the text. The statement was constructed on May 13 and then
given to test item writers for their use in constructing the item.

Summary Statement: The downward sloping demand cruve and

upward sloping supply curve intersect and determine an

equilibrium price. Any deviation of price from this equi-

librium level will create a situation (oversupply or excess

demand) which will tend to force price back to the equi-
1librium level.

Item construction. As each chapter was analyzed and a summary propo~-

sition for each of the subsections written, graduate students in educa-
tional psychology began the task of constructing questions. Two item
writers were initially employed in the construction of the test items,

writing items for subsections in alternative chapters of the text. As one
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item writer finished constructing the item for the subsections of a chapter,
the other item writer would review and edit the items. After the items
were reviewed and edited by the item writers they were reviewed and edited
by other members of the item development staff.

For example, the item constructed initially to test the students'
understanding of the above summary statement is shown below.

Test Item:

SUPPLY AND DEMAND CURVE FOR SHOES

18}-D

16

12

=
10{—

PRICE PER PAIR OF SHOES

D

N N I IS N B N
2 & 6 8 10 1z 14 16 18

QUANTITY
(MILLIONS OF PAIRS OF SHOES)

Depicted above is a demand and supply schedule for
children's shoes. If the price for children's shoes
were $14, one would say there is ...

1. an excess demand for shoes at a price of
approximately $9 per pair.

2, an insufficient supply of shoes at a price
of approximately $9 per pair.

3. an oversupply of shoes at a price of approx-
imately $9 per pair.
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Figure II.l diagrams the entire process. '(isyA subject matter expert sum-
marized the main ideas in each chapter‘anﬁ‘%rote the summary statements.
(2) Educational psychologists construct and (3) then edit the items.
(4) The summary propositions and corresponding items were typed and (5)
subsequently reviewed and edited by a curriculum developer. Items were
then edited (6) by another subject matter expert and (7) retyped as needed.
Finally, the items were reviewed (8) by two undergraduate students who
read the text material and then answered the questions. When all was in
order the items (9) were put onto PLATO, At each step in the procedure,
the individual completing work on an item would date and initial the item
to indicate when the work was completed and who did the work. Also, each
item was edited by working directly on the original version of the item.
If extensive revisions of an item were necessary, revised items were
written on separate sheets of paper that were, in turn, attached to the
initial work. At each stage of the process the development team had a
complete copy of all revisions of an item as well as data indicating when
work was being completed.

Question No. 20.2 was reviewed and edited throughout the process

such that the final form of the item was as follows:
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20,2

SUPPLY AND DEMAND CURVE FOR SHOES

18P

16—

12~

PRICE PER PAIR OF SHOES

D
| N Y I NS S B
2 4 6 8 10 12 14 16 18

QUANTITY
(MILLIONS OF PAIRS OF SHOES)

Depicted above is a demand and supply schedule for
children's shoes. If the price of shoes were $14
per pair, one could justifiably infer that ...

1. inventories of shoes would increase.
2. inventories of shoes would decrease.

3. $14 per pair is the equilibrium price
of children's shoes.

This 1s an exact duplication of what the student actually viewed when

he sat down at the PLATO terminal.
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Revision of the procedure. The data gathered early in the develop-

ment effort was used to streamline the procedure as certain steps were
discovered to be dysfunctional or redundant. Steps (4) and (5), typing
and review by a curriculum developer, were eliminated. Typing was found
to be unnecessary at the early stage of an item's development and involved
large amounts of typing for little purpose. The editing of the item by
the curriculum developer proved unnecessary since the initial editing by
the item writers and the detailed scrutiny by the content specialists and
students proved to be sufficient. The method of collecting data con-
cerning the process proved to be cumbersome and time consuming but was
used throughout the process. The procedure was modified for the second
development effort and will be discussed later in this report.

Data section. Personnel requirements for the item construction

process using the modified procedure discussed in the preceding paragraph
included the part time efforts of two content specialists, two educational
psychologists and one typist-stenographer for six months and the services
of an additional item writer during the last month of development, There
were two fairly serious problems with the process. The first stemmed
from item writers' unfamiliarity with the subject matter. The second was
the difficulty in arriving at a concensus between the subject matter
experts and the item writers as to what constituted a "good" item.

Table II.1 1lists the number of subsections of text, as well as the
number and type of items constructed and the item format. From the data
listed, it can be seen that of the 291 items constructed, approximately

55% were application items while 45% were paraphrase items. The predominant
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Table II.1

Number of Subsections of Text, Item Format, and the
Number and Type of Items Constructed During
First Development Effort

Number of subsections in text 282
Number of items constructed 291
Type of item
Application 162
Paraphrase 129

Format of item

Multiple choice 259
Two choice response 7
Fill in or short answer 24
Matching 1
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type of item was multiple choice with nearly 89 percent of the items using

this format.

Evaluation of the Items

Face validity refers to whether or not a test item is perceived to
measure what it is supposed to measure. For example, a test item designed
to measure a stud;nt's comprehension of economics would have little face
validity if it did not contain terminology appropriate for economics or
if it did not test economic principles or concepts. This issue of face
validity is important because the perceptions of the applicability/
appropriateness of an item will influence the decision to either use the
item (or remain involved in the development project) as well as influen-
cing student affect toward the subject matter. If students perceive test
items to be inappropriate or trivial they are less likely to have a
positive affect toward either content in general or the specific course.

To measure face validity of test items is primarily a subjective
process. The informed opinion of various experts and of the students
actually using the material is the only evidence relevant to this point.
Other sections of this report speak to this point.

In general, content validity is perhaps easier to insure than 1s face
validity. The procedure used in constructing the items helped insure
that the test items systematically and consistently paralleled the con-
tent of the text., Test items were constructed for all of the required
subsections of the text. Every item was constructed so that students had

to have comprehended the text material if they were to answer it correctly.
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The construct validity of the items 1s more difficult to insure. Do
these items actually measure comprehension of the content? The article
by Anderson, 'How to construct achievement tests to assess comprehension,"

appearing in Review of Educational Research, 1972, 42, 145-170, contains

a justification for an emphasis on paraphrase and application questions.

Evaluation of the item development procedure. Using the procedure

outlined earlier in this section, a total of 291 test items were construc—
ted. Although this was a formidable achievement certain dysfunctional
aspects of the procedure were encountered.

The coding of questions and the keying of the items to specific por-
tions of text were awkward and not specific enough in some instances. If
a specific subsection of the text was "meaty" and required a number of
summary propositions, 1t proved difficult for the item writers to identify
the pertinent portions of the subsections. During review and final
editing of itews, it was often necessary to go back to the text and
examine the congruity between the content, the summary proposition and
the question. Since two or sometimes three summary propositions were
constructed for some subsections of the chapter it was difficult to
quickly locate the appropriate content.

The record keeping system in which each item was initialled and dated
at each stage of the process also proved to be awkward. At any given time
data was avallable to allow us to monitor the development process for
items or groups of items. But, to monitor the development process as a
whole required transcribing data from the individual test items into log

books and master flow charts. The time expended in paper work alome put
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an additional strain on already limited resources. A simplified record
keeping procedure was developed and successfully used in the second develop-
ment effort described later in this section.

A serious oversight of the developers was the faillure to provide
both the item writers and instructor for the course with their own list
of test items. As items were written, rewritten, edited and re-edited it
was difficult to keep a close monitor on the items. The problem was
compounded in that the course instructor needed access to the items so
that he could monitor his students' progress and be prepared for any
questions they might have concerning the items. This minor problem was
quickly solved by making multiple coples at each stage.

The most serious problem encountered in the question writing phase
of the project stemmed from the lack of a common orientation to the project
on the part of both educational psychologist item writers and the subject
matter experts. Due to a lack of understanding of each others' respec-
tive fields, communication between the subject matter experts and the
item writers was sometimes difficult. In a number of instances items
were edited and re-edited as many as six times because of what appeared
to be "trivial" points. For example, an item would be constructed and
edited by the item writers. The item would then be sent to the subject
matter expert for review. The subject matter expert would rewrite the
item and offer what he felt was a more acceptable item and then send it
back to the item writers for review. The item writers would review the
item and make what they felt were essential corrections or modifi-

cations and would then route the item back to the subject matter expert.
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He reviewed the item and would feel that meaning of the item was changed
and would correct the correction. This correction would be reviewed by
the item writers who, in turn, would make corrections. The cycle would
be repeated and repeated until concensus would finally be reached (as

well as ulcers activated by all concerned) or the item was deposited in
a gseparate file to be reconsidered at a later time. Recommendations to

preclude this type of situation will be presented later in this section.

Second Development Effort

This section discusses the procedures used in constructing questions
to be used by CAISMS in conjunction with a basic American history course
taught at a junior college, Many of the shortcomings and dysfunctional
agpects of the procedure initially used were corrected in this second
effort.

Roles and tasks assigned to members of development team. Construction

of the questions to be used in the history course began in September 1973
with a greatly streamlined staff. The test item writer was a graduate
student in educational psychology and the subject matter expert was the
history instructor for the course. These two persons constructed all the
summary statements and questions to be used in the course during the last
five months of 1973. Clerical assistance was provided by a typist-stenog-
rapher from the Department of Educational Psychology. General supervision
of the development effort also came from the Department of Educational
Psychology.

The abbreviated team possessed several advantages over the team that

constructed the‘questions for the economics course. The subject matter
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expert who constructed the summary propositions for the history course
was also the subject matter expert who reviewed and edited the items.
All decisions concerning the content of the course were made by one person
thereby alleviating any necessity for compromise, discussion or consulta-
tion with other historians who might be affected by CAISMS. The graduate
student in educational psychology that constructed the test items had
taken his undergraduate degree in history and already possessed a basic
understanding of the subject matter. Therefore it was possible for him
to write items that needed much less revision by the subject matter expert.
Development of summary statements and questions. The general pro-
cedure outlined in Section I was followed in the development of the summary
propositions and questions. However, the process was structured so as
to preclude some of the problems encountered in the initial development
effort.
The units of analysis for the history course were the subsections
of the individual chapters of the text, The American Nation (Second
Edition) by Garraty. To insure standardization of numbering and codifi-
cation, the 97 subsections of the text (only the first seven chapters of
the text) were listed sequentially with an identifying code number. Page
references for each subsection were also listed. The decision was made
to construct only one summary statement for each chapter subsection.
Thus, before summary statements or items were constructed, the develop-
ment team knew exactly how many summary statements and items were to be
written, the code numbers for each of the 97 items and the page references.
Figure I1.2 depicts the subsection breakdown completed prior to

actually constructing summary propositions and questions. As can be seen,
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1. The Age of Discovery and Settlement

1.1
1.2
1.3

1.4

1.5
1.6
1.7
1.8
1.9
1.10

1.11

1.12

Figure 11.2.

Columbus and the Discovery of America
The Indian and the European
The Spanish Decline

English Beginnings in America

The Settlement of Virginia
The Pilgrims
Massachusetts Bay Puritans

Other New England Colonies

French and Dutch Settlements
Maryland and the Carolinas
The Middle Colonies

The Settlement of Georgia

15-21
21-23
23-24

24-27

27-30
30-31
31-33
33-33

33-35
35-37
37-39
39-40

Subsection breakdown for Chapter 1 of the text,
The American Nation, indicating the subsection

title, code number and page references.
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chapter subsections have been identified by code number, subsection title

and appropriate text pages.

A firm time schedule for the completion of tasks was decided upon

after taking into account the nuances of the school calendars. Work on

the construction of summary propositions began the week of September 14.

The record keeping procedure was also streamlined in the second

development effort. During the initial project summary statements and

questions were constructed chapter by chapter with data recorded directly

onto the summary statement and question. During the second effort,

manilla envelopes were prepared which listed each step in the procedure;

space was provided for initialling and dating as each stage was completed

(see Figure I1.3). When the subject matter expert began constructing

summary propositions she wrote:

1. the identifying code number,

2., subsection title, and

3. page reference numbers

on the top of a sheet of paper and wrote the summary statement directly

below the identifying information.

When summary statements were constructed

for all the subsections of a chapter they were placed in the envelope and

appropriately initialled, dated, and given to the item writer who then con-

structed the questions. When finished with this phase of the project,

the item writer simply returned the summary statements and items to their

envelope, initialled and dated it, and sent them to the subject matter

expert for review. For example, during the week ending September 26, the

subject matter specialist finished constructing the summary statements for
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The American Revolution

Summary statements written

Items prepared

Items edited by content specialist
Items reviewed by test specialist
Differences resolved by C.S. and T.S.
Items typed

Items reviewed by student

Items put in PLATO system

Chapter 1

Date Initial
26 Sept BF

5 Oct EJW

8 Oct BF

8 Oct EJW

8 Oct EJW,BF
10 Oct BA

Figure 1I1.3. The record keeping procedure used for the develop-
ment of test items for Chapter 1 of The American

Nation.
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material contained in Chapter 4 of the text. Figure II.4 depicts the
identifying code number, subsection title, page reference numbers and
actual summary statement for this section of text.
The item writer wrote the following question to assess students' com-
prehension of the material.
If American forces were to defeat Japanese forces
at Tarawa in 1943, in the same manner that colonial

forces defeated British forces at Yorktown in 1781,
what would be essential for an American victory?

1. Control of the sea around Tarawa
2, Larger numbers of trained troops
3. A more efficient supply system
4. A more powerful navy

5. Superior artillery

After reviewing the item, the subject matter specialist felt that the item
would be extremely difficult for her students and suggested that an en~
tirely new item be constructed. After discussion with the subject matter
expert, the item writer concurred with her opinion and constructed the new
item shown below.

Assume that you are a British tactician advising
General Cornwallis during the Battle for Yorktown.
You are very worried about the possibility of a
British defeat because of certain information you
have just received and want to warn Cornwallis.
What would you be warning Cornwallis about?

1. The superior logistical system of the
Colonial and French forces

2. The numerically superior Colonial and
French forces

3. The French fleet's control of Chesapeake
Bay

4, The Colonial and French possession of
superior artillery

The subject matter expert, in turn, reviewed the item and comnsidered it

fully acceptable.
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4.9 Victory at Yorktown 172-173

Everyone realized that the rebellion could not be suppressed
unless the British could maintain control of the Atlantic;
[and when Cornwallis surrendered at Yorktown, the war was

over for all practical purposes.]

Figure 11.4. Identifying code number, subsection title,
page reference numbers and summary statement.

Lk




This procedure allowed the review, editing, summary statement con-
struction and question writing for a number of chapters concurrently with

a minimum of confusion. For example, during the week of October 19, 1973,

the following tasks were completed by the team:

Subject Matter Expert Item Writer
Preparing summary propositions Preparing items for Chapter 5
for Chapter 6
Editing items prepared for Editing items for Chapter 3
Chapter 4
Re-editing items prepared for Re-~editing items for Chapter 2
Chapter 3

Meanwhile, the typist-stenographer was preparing the final typewritten
coples of materials for Chapter 1.

Data section. Personnel and time requirements have been discussed

earlier in this section. Table II.2 summarizes the work that was accom—

plished.

Evaluation of the items and the item development procedure. The issues

of face validity and construct validity have been discussed earlier in this
report. Content validity stems from the fact that 95 summary propositions
and questions were developed for the 97 subsections of text. Propositions
and questions were not developed for two of the subsections of text be-
cause, in the opinion of the subject matter expert, the issues discussed
were trivial.

The procedure used to develop the items proved to be efficient and
workable, Minimal expenditures of resources were required for the develop-
ment of apparently satisfactory items. A detailed evaluation of the junior
college project will begin later this year which should provide additiomal

data about the suitability of the items.
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Table II.2

Number of Subsections of Text, Item Format, and the
Number and Type of Items Constructed During
Second Development Effort

Number of subsections in text 97
Number of items prepared 95

Format of item

Multiple choice 85

Two choice response 4

Fill in or short answer 6
Type of item

Application 26

Paraphrase 69
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Recommendat ions

Based upon the experiences gained in the two development efforts des-
cribed thus far, the procedure to develop questions for maintaining the
attentive processing of text material outlined below is recommended.

1. The project director, in consultation with the item writers and the
subject matter experts, must decide upon an appropriate and feasible
unit of analysis,

2. Once the unit of analysis has been decided upon, assign each unit a:

a. descriptive title
b. identifying code number
c. page reference number

3. List the units and identifying titles/numbers and decide upon inter-
mediate target dates for the various tasks to be performed. If
circumstances dictate, these target dates may be changed but they
initially provide clear objectives for members of the development
team.

4., A wminimum of three copies of the target dates and list of the units
of analysis should be prepared. The director of the project receives
one copy as d<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>